Introduction {#tca13095-sec-0005}
============

Non‐small cell lung cancer (NSCLC) accounts for more than 80% of all lung cancer cases, with adenocarcinoma and squamous cell carcinoma the dominant subtypes.[1](#tca13095-bib-0001){ref-type="ref"} Approximately 50% of Chinese adenocarcinoma patients harbor *EGFR* mutations.[2](#tca13095-bib-0002){ref-type="ref"}, [3](#tca13095-bib-0003){ref-type="ref"} The most common sensitive (classic) *EGFR* mutations are in‐frame deletions in exon 19 (19del) and exon 21 substitution of leucine for arginine (L858R).[4](#tca13095-bib-0004){ref-type="ref"}, [5](#tca13095-bib-0005){ref-type="ref"}, [6](#tca13095-bib-0006){ref-type="ref"}, [7](#tca13095-bib-0007){ref-type="ref"} Other uncommon sensitive (non‐classical) mutations have also been detected, including G719X, L861Q, 19 insertions, A763_Y764 insFQEA, and S768I mutations.[8](#tca13095-bib-0008){ref-type="ref"}, [9](#tca13095-bib-0009){ref-type="ref"}, [10](#tca13095-bib-0010){ref-type="ref"}, [11](#tca13095-bib-0011){ref-type="ref"}, [12](#tca13095-bib-0012){ref-type="ref"}

Afatinib is an oral irreversibly‐binding ErbB family blocker that can effectively block signaling from EGFR (ErbB1), HER2/ErbB2, ErbB4, and all relevant ErbB family members.[13](#tca13095-bib-0013){ref-type="ref"}, [14](#tca13095-bib-0014){ref-type="ref"} The LUX‐Lung 3 and 6 trials revealed that first‐line treatment with afatinib significantly prolongs the progression‐free survival (PFS) of patients with common or uncommon sensitive *EGFR* mutations compared to chemotherapy.[6](#tca13095-bib-0006){ref-type="ref"}, [12](#tca13095-bib-0012){ref-type="ref"}, [15](#tca13095-bib-0015){ref-type="ref"} In the LUX‐Lung 7 trial, first‐line afatinib treatment even generated longer PFS than gefitinib for advanced lung adenocarcinoma patients with sensitive *EGFR* mutations.[16](#tca13095-bib-0016){ref-type="ref"}

Although Asian patients were enrolled in the LUX‐lung 6 trial, the efficacy and safety outcomes were obtained from a controlled environment and patient population. More real‐world data of Chinese patients treated with afatinib are required, as confounding factors during clinical practice may influence efficacy and toxicity.

Herein, we conducted a retrospective real‐world study to explore the efficacy and toxicity of afatinib in a Chinese population of advanced lung adenocarcinoma patients with sensitive *EGFR* mutations.

Methods {#tca13095-sec-0006}
=======

Patients {#tca13095-sec-0007}
--------

We retrospectively screened advanced NSCLC patients treated with afatinib at the National Cancer Center/National Clinical Research Center for Cancer/Cancer Hospital, Chinese Academy of Medical Sciences (Beijing, China) from 27 February 2017 to 30 October 2018. The ethics committee of the National Cancer Center/Cancer Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College (Approval No. 18‐016/1618) approved the study.

Patients that met the following criteria were included: (i) a histologically or cytologically‐verified diagnosis of locally advanced, recurrent, or metastatic NSCLC; (ii) sensitive *EGFR* mutations; (iii) aged ≥ 18 years; and (iv) administration of at least one month of afatinib. The exclusion criteria were: (i) combination with other anticancer drugs; (ii) lack of necessary survival data; (iii) irregular administration of afatinib; and (iv) accompanying with other malignant tumors. PCR or next generation sequencing were used to determine *EGFR* mutations. Patients received 30 or 40 mg afatinib daily as a starting dose, with proper adjustments as necessary. The starting dose was determined by clinicians' judgment according to patient age, body surface area, Eastern Cooperative Oncology Group performance status (ECOG PS), and the severity of adverse events from previous target therapy.

Data collection and evaluation {#tca13095-sec-0008}
------------------------------

Clinical data were extracted from patients' medical history and supplemented by follow‐up if needed. Follow‐up was conducted through regular patient visits or telephone calls. Demographic and clinical data were collected. Patient PS was assessed according to ECOG score. Response to afatinib was evaluated by regular imaging examinations, in accordance with Response Evaluation Criteria in Solid Tumors, version 1.1 (RECIST 1.1). Survival outcomes were collected from the initiation of afatinib treatment to the patient\'s death or the end of the study at March 31, 2019. Adverse events were assessed using the National Cancer Institute Common Terminology Criteria for Adverse Events version 4.0.

Statistical analysis {#tca13095-sec-0009}
--------------------

The Kaplan--Meier method was applied to estimate progression‐free survival (PFS) and overall survival (OS). Predictive factors for survival outcomes were analyzed with proportional hazard models (multivariate Cox regression). Comparison of demographic characteristics and the incidence of adverse events between 40 mg and 30 mg afatinib groups were evaluated with χ^2^ or Fisher\'s exact tests. All analyses were performed using SPSS version 25.0.

Results {#tca13095-sec-0010}
=======

Demographic and clinical characteristics of patients {#tca13095-sec-0011}
----------------------------------------------------

A total of 60 patients were included in the study. The median age of all patients was 58.1 (range: 36.3--82.7) years and most patients were non‐smokers (Table [1](#tca13095-tbl-0001){ref-type="table"}). All patients had an ECOG PS score of 0--1. Twenty‐six (43.3%) patients harbored exon 19 del, 16 (26.7%) patients harbored exon 21 L858R, and 18 (30.0%) patients harbored uncommon sensitive *EGFR* mutations, among whom five patients had both common and uncommon mutations.

###### 

Demographic and clinical characteristics of patients

  Characteristics                                              All patients   First‐line afatinib   ≥ Second‐line afatinib
  ----------------------------------------------------------- -------------- --------------------- ------------------------
  N                                                                 60                39                      21
  Age                                                                                              
  Median (years)                                                   58.1              57.2                    59.9
  Range                                                         36.3--82.7        36.3--82.7              39.7--75.5
  Age distribution, N (%)                                                                          
  ≥ 65                                                          13 (21.7%)         8 (20.5%)              5 (23.8%)
  \< 65                                                         47 (78.3%)        31 (79.5%)              16 (76.2%)
  Gender                                                                                           
  Male                                                          30 (50.0%)        16 (41.0%)              14 (66.7%)
  Female                                                        30 (50.0%)        23 (59.0%)              7 (33.3%)
  Smoking history                                                                                  
  Yes                                                           18 (30.0%)        10 (25.6%)              8 (38.1%)
  No                                                            42 (70.0%)        29 (74.4%)              13 (61.9%)
  ECOG PS score                                                                                    
  0--1                                                         60 (100.0%)        39 (100.0%)             21 (100%)
  2--4                                                              0                  0                      0
  *EGFR* mutation                                                                                  
  Exon 19 deletion                                              26 (43.3%)        19 (48.7%)              7 (33.3%)
  Exon 21 L858R                                                 16 (26.7%)         7 (17.9%)              9 (42.9%)
  Uncommon mutations[†](#tca13095-note-0001){ref-type="fn"}     18 (30.0%)        13 (33.3%)              5 (23.8%)
  Baseline brain metastasis                                                                        
  Yes                                                           24 (40.0%)        14 (35.9%)              10 (47.6%)
  No                                                            36 (60.0%)        25 (64.1%)              11 (52.4%)
  Starting dose of afatinib                                                                        
  40 mg                                                         41 (68.3%)        29 (74.4%)              12 (57.1%)
  30 mg                                                         19 (31.7%)        10 (25.6%)              9 (42.9%)

Four patients had both exon 21 L858R and uncommon mutations and one patient had both exon 19 deletion and uncommon mutations. ECOG PS, Eastern Cooperative Oncology Group performance status.

Efficacy of afatinib in the first‐line setting {#tca13095-sec-0012}
----------------------------------------------

Thirty‐nine (65%) patients received afatinib as first‐line treatment, with a median follow‐up duration of 15.3 months. The objective response rate (ORR) was 56.4% and the disease control rate (DCR) was 97.4%. Median PFS was 12.3 months (95% confidence internal \[CI\], 7.6--17.0) (Fig [1](#tca13095-fig-0001){ref-type="fig"}a), while the median OS has not yet been reached. Multivariate Cox regression analysis indicated that age (\< 65 vs. ≥ 65 years), gender, smoking history, baseline brain metastasis status, initial afatinib dose (30 mg vs. 40 mg), and mutation type (common only vs. uncommon) did not significantly influence PFS. The median PFS of patients with common sensitive *EGFR* mutations (L858R or 19del) was 15.6 months (95% CI 9.5--21.8), and the median PFS of patients with uncommon sensitive mutations was 5.2 months (95% CI 3.6--6.9; *P* = 0.099) (Fig [1](#tca13095-fig-0001){ref-type="fig"}b).

![Progression‐free survival (PFS) of (**a**) first‐line treatment, ![](TCA-10-1461-g005.jpg "image") censored; and (**b**) first‐line treatment stratified by mutation type. ![](TCA-10-1461-g006.jpg "image") Common sensitive mutations, ![](TCA-10-1461-g007.jpg "image") uncommon sensitive mutations, ![](TCA-10-1461-g008.jpg "image") censored. CI, confidence interval.](TCA-10-1461-g001){#tca13095-fig-0001}

Efficacy of afatinib in the second or later‐line setting {#tca13095-sec-0013}
--------------------------------------------------------

Twenty‐one patients received afatinib as second or later‐line treatment and the median follow‐up duration was 12.0 months. The ORR was 33.3% and the DCR was 85.7%. Median PFS was 4.1 months (95% CI 1.3--7.0) (Fig [2](#tca13095-fig-0002){ref-type="fig"}a), while the median OS has not yet been reached. Multivariate Cox regression analysis indicated that age (\< 65 vs. ≥ 65 years), gender, smoking history, baseline brain metastasis status, initial afatinib dose (30 mg vs. 40 mg), and mutation type (common only vs. uncommon) did not significantly influence PFS. The median PFS of patients with common sensitive *EGFR* mutations (L858R or 19del) was 3.0 months (95% CI 0.4--5.5), while the median PFS of patients with uncommon sensitive mutations was 6.6 months (95% CI 5.0--8.2; *P* = 0.119) (Fig [2](#tca13095-fig-0002){ref-type="fig"}b).

![Progression‐free survival (PFS) of (**a**) second or later‐line treatment ![](TCA-10-1461-g009.jpg "image") Censored; and (**b**) second or later‐line treatment stratified by mutation type. ![](TCA-10-1461-g010.jpg "image") Common sensitive mutations, ![](TCA-10-1461-g011.jpg "image") uncommon sensitive mutations, ![](TCA-10-1461-g012.jpg "image") Censored. CI, confidence interval.](TCA-10-1461-g002){#tca13095-fig-0002}

Efficacy of afatinib for patients with baseline brain metastasis {#tca13095-sec-0014}
----------------------------------------------------------------

In this study, a total of 24 patients had baseline brain metastasis. Nine patients received whole brain radiation therapy or stereotactic radiosurgery before or during afatinib treatment. The intracranial ORR of patients that did not receive local treatment for brain metastasis was 33.3%. Thirteen (54.2%) patients experienced intracranial progression. Multivariate Cox regression analysis of age (\< 65 vs. ≥ 65 years), gender, smoking history, initial afatinib dose (30 mg vs. 40 mg), mutation type (common only vs. uncommon), line of afatinib (first‐line vs. ≥ second‐line), local brain metastasis treatment status, and intracranial progression status indicated that the line of afatinib was the only variable that influenced PFS (first‐line vs. ≥ second‐line hazard ratio \[HR\] 0.066, 95% CI 0.010--0.448; *P* = 0.005). Fourteen patients with baseline brain metastasis received afatinib as first‐line treatment and the median PFS of these patients was 15.6 months (95% CI 10.8--20.5). Ten patients received afatinib in second or later‐lines and the median PFS of these patients was 5.0 months (95% CI 4.9--5.0; *P* \< 0.001) (Fig [3](#tca13095-fig-0003){ref-type="fig"}a). Eighteen patients with baseline brain metastasis received 40 mg afatinib daily as a starting dose and the median PFS of these patients was 10.0 months (95% CI 0.0--22.6). Six patients with baseline brain metastasis received 30 mg afatinib daily as a starting dose and the median PFS of these patients was 6.6 months (95% CI 4.5--8.8; *P* = 0.776) (Fig [3](#tca13095-fig-0003){ref-type="fig"}b).

![Progression‐free survival (PFS) of patients with baseline brain metastasis stratified by (**a**) line of afatinib, ![](TCA-10-1461-g013.jpg "image") First‐line, ![](TCA-10-1461-g014.jpg "image") ≥ second‐line, ![](TCA-10-1461-g015.jpg "image") censored; and (**b**) initial dose of afatinib. ![](TCA-10-1461-g016.jpg "image") 40 mg, ![](TCA-10-1461-g017.jpg "image") 30 mg, ![](TCA-10-1461-g018.jpg "image") censored. CI, confidence interval.](TCA-10-1461-g003){#tca13095-fig-0003}

Efficacy of afatinib at an initial dose of 40 or 30 mg {#tca13095-sec-0015}
------------------------------------------------------

Forty‐one patients received 40 mg afatinib daily as a starting dose and the remaining 19 patients received 30 mg daily. The characteristics of these two subgroups are summarized in Table [2](#tca13095-tbl-0002){ref-type="table"}. There were no significant differences in various characteristics between these two dose groups, including age distribution, gender, smoking status, ECOG PS score, *EGFR* mutation type, baseline brain metastasis status, or line of afatinib. No significant differences were observed in median PFS between patients treated with an initial dose of 40 mg and 30 mg either in first‐line (14.5 vs. 5.2 months; *P* = 0.101) (Fig [4](#tca13095-fig-0004){ref-type="fig"}a) or in second or later‐line settings (3.0 vs. 5.0 months; *P* = 0.375) (Fig [4](#tca13095-fig-0004){ref-type="fig"}b).

###### 

Comparison of characteristics between 40 mg and 30 mg afatinib groups

  Characteristics                                              All patients     40 mg        30 mg       *P*
  ----------------------------------------------------------- -------------- ------------ ------------ -------
  N                                                                 60            41           19      
  Age                                                                                                  
  Median (years)                                                   58.1          57.2         58.1     
  Range                                                         36.3--82.7    36.3--70.9   44.6--82.7  
  Age distribution, N (%)                                                                              
  ≥ 65                                                          13 (21.7%)    6 (14.6%)    7 (36.8%)    0.108
  \< 65                                                         47 (78.3%)    35 (85.4%)   12 (63.2%)  
  Gender                                                                                               
  Male                                                          30 (50.0%)    21 (51.2%)   9 (47.4%)    0.781
  Female                                                        30 (50.0%)    20 (48.8%)   10 (52.6%)  
  Smoking history                                                                                      
  Yes                                                           18 (30.0%)    13 (31.7%)   5 (26.3%)    0.672
  No                                                            42 (70.0%)    28 (68.3%)   14 (73.7%)  
  ECOG PS score                                                                                        
  0--1                                                          60 (100%)     41 (100%)    41 (100%)     ---
  2--4                                                              0             0            0       
  EGFR mutation                                                                                        
  Exon 19 deletion                                              26 (43.3%)    20 (48.8%)   6 (31.6%)    0.370
  Exon 21 L858R                                                 16 (26.7%)    9 (22.0%)    7 (36.8%)   
  Uncommon mutations[†](#tca13095-note-0002){ref-type="fn"}     18 (30.0%)    12 (29.3%)   6 (31.6%)   
  Baseline brain metastasis                                                                            
  Yes                                                           24 (40.0%)    18 (43.9%)   6 (31.6%)    0.365
  No                                                            36 (60.0%)    23 (56.1%)   13 (68.4%)  
  Line of afatinib                                                                                     
  First line                                                    39 (65.0%)    29 (70.7%)   10 (52.6%)   0.172
  ≥ Second line                                                 21 (35.0%)    12 (29.3%)   9 (47.4%)   

Four patients had both exon 21 L858R and uncommon mutations and one patient had both exon 19 deletion and uncommon mutations. ECOG PS, Eastern Cooperative Oncology Group performance status.

![Progression‐free survival (PFS) of afatinib treatment stratified by initial dose. PFS in the (**a**) first‐line; and (**b**) second or later‐line setting. ![](TCA-10-1461-g019.jpg "image") 40 mg, ![](TCA-10-1461-g020.jpg "image") 30 mg, ![](TCA-10-1461-g021.jpg "image") censored. CI, confidence interval.](TCA-10-1461-g004){#tca13095-fig-0004}

Afatinib treatment‐related adverse events {#tca13095-sec-0016}
-----------------------------------------

A total of 58 patients were evaluable for adverse event incidence and the profiles were in line with expectations (Table [3](#tca13095-tbl-0003){ref-type="table"}). The most common adverse events included diarrhea (86.2%), rash/acne (82.8%), paronychia (72.4%), and stomatitis/mucositis (70.7%). The incidence of all grade rash/acne (92.5% vs. 61.1%; *P* = 0.011) and paronychia (82.5% vs. 50.0%; *P* = 0.010) was significantly higher among patients in the 40 mg group than patients in the 30 mg group. Four patients in the 40 mg group experienced a reduction in dose to 30 mg daily (2 for grade 3 diarrhea and 2 for grade 3 rash/acne). One patient experienced temporary dose modification as a result of grade 3 diarrhea.

###### 

Afatinib‐related adverse events

                         All patients   Afatinib 40 mg   Afatinib 30 mg   *P*                
  ---------------------- -------------- ---------------- ---------------- ------ ---- ------ -------
  Diarrhea               50             86.2             36               90.0   14   77.8   0.402
  ≥ Grade 3              6              10.3             5                12.5   1    5.6    0.736
  Rash/acne              48             82.8             37               92.5   11   61.1   0.011
  ≥ Grade 3              2              3.4              2                5.0    0    0.0    1.000
  Paronychia             42             72.4             33               82.5   9    50.0   0.010
  ≥ Grade 3              2              3.4              2                5.0    0    0.0    1.000
  Stomatitis/mucositis   41             70.7             29               72.5   12   66.7   0.652
  ≥ Grade 3              0              0.0              0                0.0    0    0.0    ---
  Dry skin               22             37.9             16               40.0   6    33.3   0.628
  ≥ Grade 3              0              0.0              0                0.0    0    0.0    ---
  Pruritus               9              15.5             7                17.5   2    11.1   0.818
  ≥ Grade 3              0              0.0              0                0.0    0    0.0    ---

Discussion {#tca13095-sec-0017}
==========

This study is a large‐sample, retrospective, real‐world study of the efficacy and safety of afatinib in Chinese advanced NSCLC patients with sensitive *EGFR* mutations. In this study, all patients were adenocarcinoma, had a relatively good ECOG PS score of 0‐1 and the median age of all patients was 58.1, which made the results of this study comparable to the LUX‐Lung 3 and 6 trials.[6](#tca13095-bib-0006){ref-type="ref"}, [15](#tca13095-bib-0015){ref-type="ref"}

Previous prospective clinical trials reported median PFS of first‐line afatinib treatment of 13.6--13.8 months in patients with common *EGFR* mutations (L858R and 19del).[6](#tca13095-bib-0006){ref-type="ref"}, [15](#tca13095-bib-0015){ref-type="ref"} In our study, the median PFS in common *EGFR*‐mutant patients was 15.6 months, which was longer than that reported in clinical trials, but may be explained by the proportion of patients with 19del mutations in our study. Twenty‐six patients with common *EGFR* mutations received afatinib as first‐line treatment, 19 (73.1%) of whom had 19del and 7 (26.9%) had L858R mutations, while the proportions of 19del and L858R mutations were similar in the clinical trials. Subgroup analysis of PFS in clinical trials showed that the HR of 19del was superior to that of L858R when compared to chemotherapy.[6](#tca13095-bib-0006){ref-type="ref"}, [15](#tca13095-bib-0015){ref-type="ref"} Further pooled analysis indicated a significant improvement in OS in the 19del subgroup.[17](#tca13095-bib-0017){ref-type="ref"}, [18](#tca13095-bib-0018){ref-type="ref"} These outcomes may lead to a tendency in clinical practice to prescribe afatinib to patients with 19del mutations. Several real‐world studies have also demonstrated this tendency and reported longer median PFS in common *EGFR* mutation groups.[19](#tca13095-bib-0019){ref-type="ref"}, [20](#tca13095-bib-0020){ref-type="ref"}, [21](#tca13095-bib-0021){ref-type="ref"} Kim *et al.* revealed that in a subgroup of patients with 19del mutations, the median PFS of afatinib was significantly superior to gefitinib or erlotinib (19.1 vs. 15.0 and 16.3 months, respectively; *P* = 0.01). However, there was no such significant difference in the L858R subgroup (*P* = 0.46).[19](#tca13095-bib-0019){ref-type="ref"}

Combined analysis of the results of the LUX‐Lung 2, 3, and 6 trials suggests that patients with point mutations or duplications in exons 18--21 could also achieve a median PFS of 10.7 months (95% CI 5.6--14.7).[12](#tca13095-bib-0012){ref-type="ref"} However, in our study, the median PFS of uncommon *EGFR* mutant patients was only 5.2 months in the first‐line setting. There were only 13 patients with uncommon mutations receiving afatinib as first‐line treatment in our study, which may lead to bias and partly account for the outcome.

The results of multivariate Cox regression analysis in our study suggested that there was no significant difference in PFS between patients with and without brain metastasis. This result was consistent with the results of previous clinical trials. Combined analysis of the results of the LUX‐Lung 3 and 6 trials demonstrated that the PFS of patients with brain metastases was significantly prolonged in the afatinib group compared to the chemotherapy group (8.2 vs. 5.4 months, HR 0.50; *P* = 0.0297). The extent of improvement in PFS from afatinib treatment of these patients was similar to that of patients without brain metastases.[22](#tca13095-bib-0022){ref-type="ref"}

One real world study indicated that a starting afatinib dose of 30mg daily had similar PFS to 40mg daily, but led to fewer serious adverse events.[21](#tca13095-bib-0021){ref-type="ref"} Our research also supported this conclusion. In this study, there were no significant differences in various characteristics and median PFS between these two dose groups. Multivariate COX regression analysis further confirmed that no significant differences were observed in PFS between patients with these two initial doses either in the first‐line treatment or in the second‐ or later‐line treatment.

A previous real world study indicated that a starting afatinib dose of 30 mg daily achieved similar PFS to 40 mg daily, but led to fewer serious adverse events.[21](#tca13095-bib-0021){ref-type="ref"} Our results support this conclusion. In this study, there were no significant differences in various characteristics and median PFS between the two dose groups. Multivariate Cox regression analysis further confirmed no significant differences in PFS between patients treated with these initial doses either in first, second or later‐lines. Meanwhile, patients treated with 40 mg afatinib were significantly more likely to experience rash/acne and paronychia. However, Tan *et al.* revealed that among patients with advanced *EGFR* mutant NSCLC with brain metastasis, the initiation of 40 mg afatinib once daily was associated with improved PFS compared to 30 mg once daily.[23](#tca13095-bib-0023){ref-type="ref"} We did not observe this outcome, which may result from our relatively small sample of patients with baseline brain metastasis treated with 30 mg afatinib.

There were some limitations to this study. Firstly, as a single center, retrospective study, unavoidable bias may have been introduced. Secondly, the number of patients harboring uncommon *EGFR* mutations in our study may not have been large enough to confirm the efficacy of afatinib in these patients. A larger sample of patients with uncommon *EGFR* mutations are needed for further study.

In conclusion, first‐line afatinib treatment is beneficial to advanced lung adenocarcinoma patients with sensitive *EGFR* mutations. Initial dose and baseline brain metastasis status do not have a significant impact on PFS in these patients.
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